The size of the pulmonary arteries, measured intraoperatively, was correlated with operative mortality in 90 patients who underwent the Fontan operation. There was no significant difference in the cross-sectional area of the right and left pulmonary arteries/body surface area (PA index) between survivors and nonsurvivors. There was no significant difference in mortality rates between patients with a PA index greater than 250 and those with a PA index less than 250 mm2/m.2 Survival was observed with cross-sectional area as low as 188 mm2/m2. Circulation 72 (suppl II), II-93, 1985. 
IN 1971, Fontan and Baudet' described a new surgical technique used successfully in the treatment of two patients with congenital tricuspid atresia. Since then, the Fontan operation and its various modifications have been used extensively for the surgical treatment of this lesion2'3 and other more complex malformations. 4 5 Since initial use of the procedure, Fontan and asso-ciates6 have established criteria for selection of patients with tricuspid atresia, which, in their hands, have yielded good clinical results. Included among the various clinical, hemodynamic, and anatomic criteria was the requirement that the pulmonary valve anulus and pulmonary arteries be of normal size. In this light, Nakata et al. 7 presented data suggesting that if the combined cross-sectional area of the right and left pulmonary arteries as determined from the angiocardiogram was less than 250 mm2/m2, the Fontan operation should not be done. It is important that the relationship of pulmonary size to the results of the Fontan operation be defined as accurately as possible to avoid the excessive risk of performing a Fontan procedure in patients whose pulmonary arteries are too small and to avoid withholding the operation in patients whose pulmonary arteries are of adequate size.
To evaluate further the relationship of pulmonary artery size to results of the Fontan operation, we retro-spectively studied 90 cases of tricuspid atresia, univentricular heart, and other complex anomalies in which direct intraoperative measurements were made of the pulmonary arteries. These measurements were correlated with operative mortality. In this report, we present the results of this study and discuss their surgical implication.
Methods
Between October 1, 1973, and December 31, 1982, 242 patients underwent Fontan operation at the Mayo Clinic. Measurement of both pulmonary arteries was made in 90 of 242 patients. The clinical records of these 90 patients were reviewed for this study.
Although no specific quantitative criteria of pulmonary size were used routinely in the selection of patients for the Fontan operation, patients with obvious hypoplasia of the pulmonary arteries as determined by angiocardiography were referred for "shunt" operations.
There were 54 male and 36 female patients (ages 2 to 42 years, mean 12). Cardiac catheterization had been performed at either the Mayo Clinic or another hospital in all cases. The mean pulmonary arterial pressure ranged from 4 to 48 mm Hg (mean 18 + 9) and the pulmonary arteriolar resistance ranged from 0.2 to 4.5 (mean 1.5 + 1.0) resistance units.
The patients were classified as having tricuspid atresia, univentricular heart, or other complex lesions. This classification is consistent with previous reports from the Mayo Clinic. When we considered the possible effect of pulmonary artery size on mortality, it was apparent that many factors could influence mortality. Because previous studies2' 5 have indicated that diagnosis is significantly correlated with mortality, the hospital mortality rate was determined for each of the three diagnostic categories (table 1) . We considered only hospital mortality because we believe that death from small pulmonary arteries would most likely occur early postoperatively. The differences between the mortality rates for patients with tricuspid atresia and patients with complex lesions and between the latter group of patients and those with univentricular heart are highly significant (p < .01).
The pulmonary artery measurements were made intraoperatively. The diameter was measured by determining the largest Bakes dilator that could readily be inserted into the artery. Measurements were made after reconstruction of the pulmonary arteries if this was necessary. After the pulmonary arteries were reconstructed, they were usually widely patent proximal to the point of measurement. The surgeon made the pulmonary artery measurements proximal to the origin of the first lobar branch. The operations were performed by several different surgeons and the interobserver variability of the measurements is unknown.
The measurements of the pulmonary arteries and pulmonary valve anulus were expressed as cross-sectional area (mm2) and were normalized by dividing by body surface area (mi2). The combined cross-sectional areas of the right and left pulmonary arteries (mm2) divided by the body surface area (M2) is referred to as the pulmonary artery index (PA index), a term introduced by Nakata et al. 7 The PA index was then correlated with mortality.
The t test for two samples was used to compare PA indexes of survivors and nonsurvivors in each diagnostic group. In comparing the mortality rate between the two PA classes, the G test of independence was used.8
Results
Ninety patients had measurement of both right and left pulmonary arteries. The PA index and diagnostic category of 70 survivors and 20 nonsurvivors are presented in figure 1 . The PA index is not significantly different between survivors and nonsurvivors for patients with univentricular heart, patients with complex lesions, and all patients combined (table 2). The patient with tricuspid atresia who did not survive had a PA index significantly higher than those of the surviving patients. The mortality rate for patients with PA indexes less than 250 mm2/m2 did not differ significantly from those with PA indexes equal to or greater than 250 mm2/m2 within any diagnostic category or for all patients combined (table 3) . The 14 patients with the lowest PA indexes survived.
Discussion
Several authors have considered the size of the pulmonary arteries as a selection criterion for the Fontan operation. Choussat et al.6 emphasized that the pulmonary arteries must be of "adequate" or "normal" size to allow a satisfactory result after the Fontan operation.
However, they did not present measurements defining "adequate" or "normal." Nakata et al.7 made pulmonary artery measurements in 14 patients with tricuspid CIRCULATION atresia. They stated that a combined cross-sectional area of the right and left pulmonary arteries of at least 250 mm2/m2 is necessary for successful outcome of the Fontan operation and that otherwise a shunt operation may be preferred. We agree with Choussat et al. 6 and Nakata et al.7 that assessment of the size of the pulmonary arteries should be an integral part of the preoperative evaluation. Access to the records of 90 patients of various diagnostic categories in whom direct measurement of pulmonary arteries had been made intraoperatively presented an opportunity to study further the relationship of pulmonary artery size to clinical results.
In this study, 90 patients had both distal pulmonary arteries measured. In these it was possible to calculate a PA index. The index was not significantly different (p < .01) in survivors and nonsurvivors when all patients were considered together. Significant differences (p < .01) were not seen within diagnostic categories except that the only patient with tricuspid atresia who died had a PA index significantly higher (p < .01) than those of patients who survived, a finding not related to the hypothesis under investigation. In addition, the mortality rate of patients with PA indexes between 188 and 250 mm2/m2 did not exceed those with PA indexes greater than 250 mm2/m2, either when all patients were considered together or by diagnostic In the prospective clinical application of the data from our study for selection of patients for the Fontan operation, it will be necessary to use angiographic measurements, with the realization that angiographic and direct measurements are not necessarily identical.
Thus, in the 90 patients in whom PA index was calculated, statistical analysis showed no correlation of decreasing pulmonary size and mortality. The lowest PA index included in this analysis was 188 mm2/m2.
There are several possible explanations for the absence of correlation between pulmonary artery size and mortality. In contrast to patients having ventricular septal defect and pulmonary atresia,9 these patients do not have a high incidence of pulmonary artery hypoplasia. Furthermore, patients noted on angiocardiographic examination to have obvious hypoplasia of the pulmonary arteries were referred for shunt operations. To the extent that this preselection was accurate, patients with pulmonary arteries that were too small would not have undergone the Fontan operation. Exclusion of patients from the Fontan operation because of increased pulmonary resistance may also have prevented selection of patients with small pulmonary arteries for surgery.
Our results indicate that patients with PA indexes below 250 mm2/m2 should not necessarily be excluded from consideration for the Fontan operation. Survival was observed when the cross-sectional area of those patients in whom both pulmonary arteries were measured was as small as 188 mm2/m2. The smallest pulmonary artery consistent with survival of the Fontan operation has not been defined by this study. This important information can be determined only by continuing to make direct intraoperative 11-95
Vol. 72 (suppl 11), September 1985 measurements of pulmonary artery size and correlating these measurements with clinical results.
